Osteoarthritis typically develops after surgery for traumatic fractures of the acetabulum and may result in total hip arthroplasty (THA). We conducted a population-based retrospective study to investigate the incidence of THA after treatment of acetabular, pelvic, and combined acetabular and pelvic fractures with open reduction-internal fixation surgery compared with that in the control group.
Introduction
Pelvic and acetabular fractures primarily result from high-energy trauma in relatively young patients (less than 40 year-old). In elderly patients, the cause may be low-energy trauma, such as that induced by minor falls. [1] [2] [3] Pelvic and acetabular fractures affect the pelvic ring structure and blood supply changes and may cause posttraumatic osteoarthritis and total hip arthroplasty (THA) for these patients. [4] Surgical intervention, particularly intra-articular procedures, is commonly recommended for acetabular fractures to facilitate recovery of joint congruency. [1] , [5] [6] [7] [8] Posttraumatic hip arthritis often occurs after acetabular fractures and is accelerated by malreduction during surgery. Furthermore, even when articular fractures can be treated with surgery, articular cartilage damage can subsequently cause osteoarthritic changes. The incidence of radiographic arthritis after acetabular fixation has been reported to be in the range of 20%-40%, with a subsequent THA rate of 8%-34%. [5, 6] Pelvic ring fractures are typically extra-articular hip fractures, but they may occur simultaneously with acetabular fractures involving the hip joint. The mechanisms of the relationship between this type of extra-articular fracture and traumatic osteoarthritis are still uncertain but may include vascularity changes after a fracture and structural changes engendering an asymmetric force distribution after the fracture [1, 2, 9, 10] The outcomes of acetabular and pelvic fractures have primarily been reported in case series. [5] [6] [7] [8] 11, 12] There are no data in the literature to support a direct increase in the risk to total hip replacement following pelvic ring fracture, but the complications from the surgical procedure may increase the risk of requiring THA. In one series, pelvic fracture resulted in long-term disability and painful leg length discrepancy affecting gait in a case of displaced pelvic fracture patterns. [10] No population studies have been conducted on the THA ratios required after pelvic and acetabular fracture fixation surgery.
Therefore, we conducted a population-based retrospective study to evaluate the incidence of THA following treatment of acetabular, pelvic, and combined acetabular and pelvic fractures with open reduction-internal fixation (ORIF) surgery compared with that in the control group.
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to apply and use those data can be found at https:// dep.mohw.gov.tw/DOS/mp-113.html. The authors confirm they had no special privileges or access to the data and that all interested, qualified researchers may access the data using the application process described.
Materials and methods

Patient and public involvement
No patients were involved in this study. The risks of requiring THA after pelvic and acetabular fractures have yet to be conclusively determined. The population-based cohort study was performed with the Taiwan National Health Insurance Research Database (NHIRD), which is provided by the National Health Insurance Administration (NHIA), Ministry of Health and Welfare and managed by the National Health Research Institutes. The interpretation and conclusions contained herein do not represent those of the NHIA, the Ministry of Health and Welfare or the National Health Research Institutes.
We enrolled patients who underwent surgery for pelvic, acetabular, or combined pelvic and acetabular fractures and subsequently received THA between January 1, 1997, and December 31, 2013. The associations of THA with various fractures (acetabular, pelvic, and combined) were investigated. The Taiwanese who were assessed were informed of their results after the study from the network of hospitals.
Data sharing statement
Taiwan's Ministry of Health and Welfare and the NHIA ensure the completeness and accuracy of the NHIRD. All data were fully anonymized before being extracted from the NHIA. All data are encrypted and may be analyzed only for academic research.
This retrospective population-based cohort study conducted longitudinal analysis on data recorded from the date of establishment of the NHIRD until the end of 2013. All individuals in the study sample were followed up for outcome identification according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The data could be used within 5 years of receiving application approval from the NHIRD. All available data were used in this study, and no additional unpublished data were included. This study was approved by the Institutional Review Board of our hospital (EMRP-104-04) and the Taiwan NHIRD (NHIRD-104-167). This study was exempted from a full review by the Institutional Review Board of E-Da Hospital.
Definition of study cohorts and outcomes
We included data from the NHIRD of patients who underwent surgical treatment for pelvic, acetabular, or combined pelvic and acetabular fractures between January 1, 1997, and December 31, 2013. We also included data from 1,000,000 people in the general population as a control group through random sampling from the NHIRD (Fig 1) . The disease and surgical codes are listed in Appendix 1. The mean follow-up duration of the present study was 13.45 (range, 0.0192-16.91) years. We excluded the data of individuals who were younger than 20 years old, had systemic lupus erythematous, received THA before their fracture occurred, had rheumatoid arthritis, had femoral head avascular necrosis, had a history of femoral head or femoral neck fractures, or had developed osteoarthritis of the hip joint before the fracture occurred. The outcome of this study was defined as subsequent THA operations performed following index fracture surgery of the pelvis or acetabulum. and multivariate competing risk regression analyses. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Two-sided p values of <0.05 were defined as statistically significant in this study.
Results
Baseline characteristics of patients
We included the data of 9392 patients. Group 1 comprised 3041 patients who had received ORIF surgery for acetabular fractures. This group included patients with acetabular fractures with or without pelvic fractures, but they received nonsurgical treatment for pelvic fractures. Group 2 comprised 5618 patients who had received ORIF surgery for pelvic fractures. This group included patients with pelvic fractures with or without acetabular fractures, but they received nonsurgical treatment for acetabular fractures. Group 3 comprised 733 patients who had received ORIF surgery for both pelvic and acetabular fractures simultaneously. These three groups of patients constituted the three study groups (Fig 1) . There were 664,349 patients in the control group.
The baseline characteristics of the four groups are listed in Table 1 . The average age of patients in the control group was 41.86 years, whereas those of patients in the acetabular fracture, pelvic fracture, and combined-fracture groups were 41.84, 42.79, and 42.76 years, respectively. Men constituted 80.59%, 63.34%, and 68.5% of the patients in the acetabular fracture, pelvic fracture, and combined-fracture groups, respectively. Table 2 lists the THA rates for the control group and three fracture groups. The THA rate in the control group was 0.43%; those in the acetabular, pelvic, and combined-fracture groups were 17.82%, 7.28%, and 18.01%, respectively.
Comparison of three fracture groups and control group regarding incidence rates of subsequent THA
The cumulative incidence of the control group showed a gradual, linear increase with time. The cumulative incidence of the three fracture groups increased curvilinearly with time for the first 2 years and gradually and linearly with time thereafter (Fig 2) . 
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After 15 years, 0.5% (95% CI, 0%) of the control group cumulatively received THA. Compared with the control group, the acetabular fracture, pelvic fracture, and combined-fracture groups had a significantly higher incidence of THA (Fig 2) , with 15-year cumulative incidence rates of 24% (95% CI, 22%-26%), 10.6% (95% CI, 9%-12%), and 26.8% (95% CI, 22%-32%), respectively (p < 0.0001). The acetabular fracture and combined-fracture groups also had significantly higher incidence rates of THA than the pelvic fracture group.
Comparison of the three fracture groups and control group with respect to incidence of THA
The crude hazard ratios (HRs) and adjusted HRs (aHRs) of the four groups are presented in Table 3 . The crude HR for the acetabular fracture group was 58.08%, whereas those of the pelvic fracture and combined-fracture groups were 22.42% and 64.9%, respectively (p < 0.0001). The aHRs for the acetabular fracture, pelvic fracture, and combined-fracture groups were 58.42%, 21.68%, and 62.04%, respectively (p < 0.0001). Table 4 presents a comparison of THA incidence rates among the three fracture groups. The crude HRs for the pelvic fracture, acetabular fracture, and combined-fracture groups were 1, 2.56, and 2.72, respectively (p < 0.0001). 
Comparison of three fracture groups with respect to incidence of THA
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means of transport adopted by patients in Taiwan to reach hospitals. [19] [20] [21] However, the long-term results of fracture surgery for hip joints are critical for patients in their life following the surgery. [22] [23] [24] [25] Because acetabular fractures embody an intra-articular fracture pattern, a combined treatment of open reduction and internal fixation is generally preferred. For pelvic fractures, the preferred treatments are diverse: For severe and unstable types of pelvic fractures, open reduction and internal fixation is the preferred treatment. However, for several partially unstable pelvic fractures, such as pubic ramus fractures, conservative treatment may be preferred. [26, 27] We included only patients who received surgical treatment for pelvic and acetabular fractures. Malreduction with changing biomechanical force at the hip joints after fracture surgery and articular cartilage damage led to a relatively high likelihood of experiencing advanced traumatic osteoarthritis requiring subsequent THA. [15, 22, [28] [29] [30] [31] [32] No previous study has focused on evaluating the risk of requiring THA after pelvic fractures. Studies on THA after acetabular fractures have reported incidence rates between 8% and 34%. [33, 34] Our study population of 664,349 is among the largest cohorts used to evaluate subsequent THA after surgery for pelvic, acetabular, and combined pelvic and acetabular fractures.
In our cohort, men constituted 80.59%, 63.34%, and 68.5% of the acetabular, pelvic, and combined-fracture groups, respectively. A study demonstrated that pelvic and acetabular fractures occurred more frequently in men. [35] These rates may relate to the relatively reckless 
driving behavior of male drivers. The National Police Agency of Taiwan reported that 65% of traffic accidents in 2015 were caused by men ( Table 1 ). The incidence rate of THA for the pelvic fracture group was 7.28%. Results of the present study indicated that even individuals with pelvic fractures, which are an extra-articular fracture type, had a higher incidence of THA than individuals in the control group. Indeed, it appears that the hip joints were spared in the occurrences of extra-articular fractures, such as those occurring in the pubic rami, sacrum, or iliac alae. However, these injuries may still alter the physical mechanics of weight-bearing under pain, immobility, or positional changes. No data in the literature support a direct increase in the risk of total hip replacement, but the complications of the surgical procedure may increase the risk of requiring THA. In one series, pelvic fracture resulted in long-term disability and painful leg length discrepancy affecting gait in displaced pelvic fracture patterns. 13 Several common complications were noted in the pelvic fracture group in this study, including ectopic ossification, postoperative infection, and nonunion and malunion of the pelvic ring, which can increase the risk of joint cartilage destruction. However, our study has some limitations and biases. Few patients from the pelvic fracture group had acetabular fracture for which no surgical treatment was received. The adverse effects of acetabular fractures in this group potentially increased the THA incidence rate.
In the acetabular fracture group, the incidence of THA was 17.82%. This result is similar to the incidence of THA after acetabular fractures reported in a Canadian study. [33, 34] For the combined-fracture group, the incidence of THA was slightly higher, at 18.01%. The cumulative incidence of THA for all three fracture groups markedly increased (Fig 2) during the first 2 years, when the relationship between incidence and time was curvilinear. After 2 years, the incidence exhibited an almost linear increase with time.
The THA incidence rates of the three fracture groups were significantly higher than that of the control group (the HRs for the acetabular fracture, pelvic fracture, and combined-fracture groups were 58.42, 21.68, and 62.04, respectively [p < 0.0001]). The acetabular fracture group 
exhibited an incidence of THA more than twice that of the pelvic fracture group (the HRs for the acetabular fracture and combined-fracture groups were 2.56 and 2.76, respectively [p < 0.0001]). Acetabular fractures are intra-articular fractures that involve articular cartilage and result in relatively high risks of damage and the development of advanced osteoarthritis. Although acetabular fractures with gaps smaller than 2 mm have the potential to heal, the healed cartilage is fibrocartilage rather than hyaline cartilage and has less resistance to femoral head impaction [36] .
Limitations
Our data were acquired from Taiwan's NHIRD, which registers only surgical fee codes. We did not evaluate results from computed tomography or plain radiography, which are processes that can lead to pelvic fracture, including pelvic ring injury (extra-articular fracture). Whether a relationship exists between this type of fracture and the occurrence of posttraumatic arthritis of the hip joint remains uncertain. Therefore, we could not analyze the patterns of the pelvic and acetabular fractures or the degrees to which various fracture patterns contributed to the incidence of THA. There were patients who were identified as having a pelvic fracture only; however, they might have had unknown accompanying acetabular fractures, which can produce biased results. However, the accuracy of diagnostic and surgical codes is strictly audited by the government because it is linked to payment and reimbursement. [37] This regulatory policy may help alleviate the concern of misclassification. We acquired patient data for the period between January 1997 and December 2013. For studies on osteoarthritis, 15 years may be considered a long-term study period of the entire spectrum of the disease. We used the longest follow-up period of any related study. The results can accurately reflect the risks of developing posttraumatic hip osteoarthritis and requiring THA.
Conclusion
The incidence rates of THA after surgical intervention for pelvic fractures, acetabular fractures, and combined-fractures were significantly greater (17.82%, 7.28%, 18.01%, respectively) than that of the control group (0.43%). Most THA procedures were performed less than 2 years after a fracture fixation. During the 2-year follow-up period, the incidence rates of THA in the pelvic fracture, acetabular fracture, and combined-fracture groups increased linearly with time.
Supporting information S1 Appendix. ICD-9-CM codes and the corresponding diseases or procedures.
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